. Antimicrobial therapy, combined with prevention, diagnosis, partner notification, and epidemiological surveillance, is the mainstay of gonorrhoea management. However, N. gonorrhoeae has developed resistance to all antimicrobials introduced for empirical treatment 3, 4 . Thus, enhanced antimicrobial resistance surveillance, rapid point-of-care diagnostic tests that ideally simultaneously predict resistance, and new antimicrobials are crucial for maintaining treatability of gonorrhoea [2] [3] [4] . Nevertheless, an effective gonococcal vaccine is probably the only sustainable solution for controlling gonorrhoea and substantially reducing the global public-health burden, owing to the rapid emergence of resistance to all introduced therapeutic antimicrobials, the predominance of gonorrhoea in resource-poor serogroup B vaccine (MeNZB) against gonorrhoea in a retrospective case-control study that included young adults attending sexual-health clinics in New Zealand. MeNZB was administered to >1 million New Zealanders in response to a meningococcal epidemic during 2004-2008 and 81% of the population aged <20 years were vaccinated in 2004-2006 (REF. 7 ). The vaccinated individuals were significantly less likely to have been diagnosed with gonorrhoea compared with controls (adjusted OR 0.69, 95% CI 0.61-0.79; P <0.0001), particularly in the years during and immediately after vaccine administration. The effectiveness of MeNZB against gonorrhoea was estimated to be 31% (95% CI 21-39%), after adjustments for ethnicity, deprivation, geo graphical area, and sex 7 . The level of effectiveness might not initially seem impressive; however, these findings are seminal, as they show for the first time that an OMV vaccine can have a substantial effect on a mucosal infection and, most importantly, that a vaccine can offer protection against gonorrhoea.
Furthermore, mathematical modelling suggests that a vaccine that has only 30% efficacy could decrease gonorrhoea prevalence by >30% within 15 years, if population coverage is sufficiently high and immunity is maintained 7 . MeNZB is no longer available, but the licensed, four-component meningococcal serogroup B vaccine (4CMenB; BEXSERO; GlaxoSmithKline) includes the same OMV as MeNZB and three recombinant vaccine antigens (neisserial heparin-binding antigen (NHBA), factor H-binding protein (fHbp), and Neisseria adhesin A (NadA)). Consequently, widespread administration of the 4CMenB to adolescents might also reduce gonorrhoea prevalence owing to cross-protection 7 . Interestingly, the first proof of vaccine protection against gonorrhoea is not made with a gonococcal vaccine but, owing to settings where syndromic treatment of symptomatic patients dominates, and the lack of symptoms in many patients. This notion has also been strongly emphasized by the WHO, other public health organizations, and researchers [2] [3] [4] [5] . Unfortunately, the few clinical trials of gonorrhoea vaccines that have been performed (all before 1990) were disappointing. The vaccines did not provide significant protection from infection 6 . Subsequent work has identified critical challenges to development of an effective gonococcal vaccine: high level of heterogeneity and variability of selected gonococcal antigens; lack of known correlates of protection; weak, mainly local, and transient immune response without immuno logical memory; gonococcal evasion of immune responses; and a lack of laboratory animal models that closely mimic human infection and disease 5, 6 . These complications resulted in pessimism for the development of an effective prophylactic gonorrhoea vaccine and low investment in this research field in the past two to three decades.
In a new report, Petousis-Harris et al. …these findings are seminal, as they show … that a vaccine can offer protection against gonorrhoea.
cross-protection, with a vaccine for N. meningitidis, which is genetically and antigenically closely related to N. gonorrhoeae. Research to elucidate the specific or unspecific antigens and mechanisms involved in the MeNZBmediated protection against gonorrhoea is crucial. Findings from such studies can guide the development of an effective gonococcal vaccine and now is the ideal time to strongly reinvigorate interest and investment in this area. Accordingly, many of the previously identified challenges might now be overcome. Since the failed early trials, we have considerably improved our understanding of gono coccal pathogenesis 5, 6, [8] [9] [10] . Studies have provided detailed information on some of the gono coccal vaccine candidate antigens, which might ideally be used in combination, for example targeting different essential steps or pathways of the patho genesis. High-throughput technologies, such as genome sequencing, transcriptomics, and proteomics, have been used to identify and appropriately examine novel antigens and their diversity, variability, and expression. Our understanding of immune responses has also improved, including that of suppressive responses related to gonorrhoea and how to overcome them. Protection against re infection with homologous and heterologous N. gonorrhoeae strains after immunization with gonococcal OMV and a T helper 1 cell adjuvant has been shown in mice. In addition, sophisticated mouse models, an experimental male-volunteer urethral gonorrhoea model, and many new vaccine and adjuvant technologies have been developed 5, 6, [8] [9] [10] . Now, research efforts should be intensified in several areas: further exploration of gonococcal molecular pathogenesis (for example, the natural course of infection in different anatomical sites); simultaneous evaluation of multiple antigens (likely to be applicable for a polyvalent vaccine and possibly including OMV); elucidation of immune responses (for long-term protection and limited suppressive response in men and women); identification of surrogate measures for assessing immunity; improvement and enhanced availability of harmonized and quality-assured assays, as well as preclinical and clinical models; and identification of appropriate adjuvants and ideal vaccination routes. We also need to consider additional questions to achieve effective gonorrhoea vaccination, such as essential end points (inhibition of transmission, infection and/or disease and sequelae), appropriate target populations, evaluation and/or modelling of effects on burden of gonococcal infections and sequelae and cost-effectiveness, and enhanced advocacy and social marketing for acceptance of vaccination to achieve high coverage. A global roadmap 5 to accelerate the development of vaccines for gonorrhoea and other sexually transmitted infections has already been developed and outlines the key action steps
.
In conclusion, most essential components for development of an effective gonococcal vaccine might already be attainable and now serious international multi disciplinary commitments involving coordination, collaboration, communication, and financial investment are required. Public health organizations, clinicians, and researchers should place increasing emphasis on the new opportunities for developing an effective gono coccal vaccine, the most effective strategies, and lessons learnt from the developments of the meningococcal serogroup B vaccines, instead of focusing on the obstacles identified in previous decades.
